Abstract-This paper presents results of study on Yttrium iron garnet (YIG) thick film paste using linseed oil as organic binder. YIG nanopowder is mixed with organic vehicle which consists of linseed oil, m-xylene and -terpineol. Samples with different ratios of compositions are prepared to study the printability and adhesion properties of the paste. Paste samples were then screen printed onto alumina substrate, dried and fired at 300°C. Microscopic images of the samples were observed to determine most suitable ratio for producing YIG paste. Based on the results, YIG paste with 30 wt% ratio showed good adhesion to the substrate as well as having high dielectric property compared to pastes with lower powder ratio.
I. INTRODUCTION
Thick film technology is the most commonly used technology for producing electronic devices due to its inexpensive production and simple method by using thick film paste. One of the ingredients in the paste is the active element which consists of a metal-oxide material which will determine the properties and characteristics of the paste. By changing the active elements, thick film paste can be used to produce gas sensor [1] - [3] , humidity sensor [4] , magnetic sensor [5] , antenna [6] and many other electronic devices. Another ingredient with equal important role with the active powder is the organic vehicle which serves as a binder of the active powder to the substrate while maintaining the suitable rheological properties for screen printing process. Ethyl cellulose mixed with -terpineol solvent is commonly used in preparing thick film paste [3] , [7] , [8] . In conventional pastes, glass frit is normally used to bind the particles to each other and improve the properties of the paste [9] . However, the use of glass frit will increase the firing temperature needed to improve film characteristics. Therefore this paper investigates the use of linseed oil as organic vehicle of which in theory can help reduce the firing temperature without using glass frit with its high viscosity and capability of polymerization in lower temperature than using ethyl cellulose.
II. EXPERIMENT
The active powder used in this experiment was Yttrium iron garnet (YIG) nanopowder (Sigma-Aldrich, 99.9% trace metal basis, <100nm particle size). Organic vehicle was prepared by mixing 85 wt% of boiled linseed oil with 12.5 wt% m-xylene and 2.5 wt% -terpineol using magnetic stirrer at 150rpm for 5 hours at 40°C to ensure that the organic vehicle are mixed thoroughly. Samples with different ratios of YIG powder and the organic vehicle were then prepared according to Table I . Samples were prepared by mixing YIG powder with organic vehicle using magnetic stirrer at 150rpm for 3 hours at 40°C in order to obtain homogenous paste. The mixing temperature is fixed at 40°C because the viscosity of organic vehicle is reduced, therefore making it easier for the powder to disperse in the organic vehicle. For comparison, another sample, S6, was prepared by mixing YIG powder with organic vehicle comprised of ethyl cellulose and -terpineol, with powder to organic vehicle ratio 30:70. The purpose of this sample is to compare the printability and firing temperature using different organic vehicles.
Next, the paste samples were then screen printed onto alumina (Al2O3) substrate with 10mm x 10mm square printing area using Accu-Coat Screen Printer. They were then dried at 150°C for 10 minutes to remove volatile phase of the This work is sponsored under MOSTI Sciencefund grant 03-01-04-SF1860.
organic vehicle, and later fired in box furnace at 300°C for 30 minutes to remove non-volatile phase of the organic vehicle and ultimately bind the powder to the substrate. Observations were done to the samples after firing for the adhesion of the paste to the substrate. Later, the samples which exhibited good adhesion to the substrate were later further observed using Zeiss optical microscope to investigate particle dispersion. Based on the observation, sample with the most uniformed dispersion was then investigated using field emission scanning electron microscope (FESEM) to observe morphology of the paste, and adhesion of the paste to the substrate. Dielectric constant or permittivity of the paste is measured using HP 4284A Precision LCR Meter.
III. RESULTS AND DISCUSSION Fig. 1 shows the screen printed paste samples after firing process at 300°C for 30 minutes. Samples S1, S2 and S3 showed good adhesion to the substrate and dried completely, but samples S4 and S5 dried off and did not show good adhesive behavior. These results showed that the suitable powder ratio could be 30 wt% or lower, depending on the dielectric property of the samples. Higher powder ratio related to lower ratio of organic vehicle, which means the vehicle was not enough to bind all particles to the substrate before it dried off. As for samples S1 and S2, although it showed good adhesion, the pastes did not have good viscosity needed for thick film printing as the paste spilled off from the designated printing area. As for sample S6 which is using ethyl cellulose as the organic vehicle, the paste peeled off, which also proved that the paste did not have good adhesion to the substrate. This result showed that ethyl cellulose is not suitable for low firing temperature, as compared to linseed oil based organic vehicle. Further observation was done on samples S1, S2 and S3 using Zeiss Optical Microscope to get microscopic images of the samples as shown in Fig. 2 . Sample S3 showed more particle dispersion as compared to S1 and S2 since it has higher powder ratio. S1 and S2, as expected, have lower particle dispersion, and could affect the dielectric measurement, therefore S3 is chosen for further investigation using FESEM. 3 showed the SEM micrograph of sample S3. It showed that the YIG particles were dispersed uniformly in the paste and the good dispersion could improve the permittivity of the thick film, which is important for magnetic materials if to be used in high frequency application such as antenna and magnetic sensor. The use of linseed oil also helped in reducing the firing temperature which is normally between 400°C to 900°C, and without using glass frit. Linseed oil is a fast drying oil and polymerizes easily when exposed to air, as well as having high viscosity as reported in [10] . Therefore linseed oil has proven to be able to become good organic vehicle for producing thick film paste which does not require high temperature for adhesion to the substrate. Fig. 4 showed EDX elemental analysis of sample S3, and Table II showed the weight ratio of the elements existed in the sample. This analysis proved the existence of YIG elements in the sample, as well as elements of alumina substrate. Fig . 5 showed the cross sectional image of the thick film on alumina substrate, which showed strong adhesion of the paste to the substrate with minimal voids in between them. The thickness of the thick film is less than 20nm, which is considerably good for screen printing method. Table III showed dielectric constant measured for samples S2 and S3. It showed that higher powder ratio yield higher dielectric constant therefore having higher permittivity for the paste.
IV. CONCLUSION
This project investigated the printability of thick film paste using linseed oil as organic vehicle with different ratios of YIG powder. It is found that samples with powder ratio 30 wt% and below have good adhesion to the substrate when fired at 300°C, as compared to sample using ethyl cellulose with powder ratio 30 wt% of which the paste peeled off from the substrate. Further investigation of sample with 30 wt% powder ratio and using linseed oil as organic vehicle with FESEM showed that the particles dispersed uniformly onto the substrate and did not agglomerate, proving that the paste was homogenously mixed during preparation process. Cross sectional image showed that the paste had good adhesion to the substrate with minimal voids in between. This proved that linseed oil can be used as organic vehicle to produce thick film paste and can reduce firing temperature while omitting glass frit as binder. 
